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Description 

Power output stage for capacitive loads 

The invention relates to a power output stage or 
converter circuit having an energy storage inductance, 
one end of which is connected to a reference potential 
and which at the opposite end is connected on the input 
side to a power supply connection and on the output 
side to a secondary energy storage capacitance, which 
is connected on the input side to the reference 
potential . 

Owing to the urgent need for fuel-saving engines, 
direct-injection Otto-cycle engines using lean 
combustion methods are currently being developed. The 
new generation of engines can achieve a mean fuel 
saving of up to 15%. Charge stratification is carried 
out in the combustion chamber when on partial load. 
This means that the combustion chamber is split into 
two zones, a first zone with a fuel/air mixture which 
is capable of being ignited in the vicinity of the 
spark plugs, and a second zone composed of air and 
residual gas, which surrounds the first zone and is 
thermally isolated from the walls of the combustion 
chamber. Stratification charging is dependent on an 
extremely late injection time during the compression 
phase of the engine, and on an extremely short 
injection time of typically 0.5 ms . As the engine load 
increases, a transition takes place to homogeneous 
operation. In this case, the fuel is actually injected 
during the induction phase, that is to say very early, 
in order to ensure good, thorough mixing of the air and 
fuel . 

It is particularly advantageous to use piezo actuators 
or other electrostrictive actuators manufactured using 
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a multilayer technique for operation of the injection 
valves, since they react with virtually no delay. The 
piezo actuators or electrostrictive actuators 
manufactured using a multilayer technique have a layer 
5 stack composed of a material whose extent changes when 
an external voltage is applied in the longitudinal 
direction. Injection valves which are operated by piezo 
actuators or electrostrictive actuators can be 
controlled independently of the piston movement and, 
10 furthermore, have the advantage that they can be used 
to achieve short switching times. 

For circuitry purposes, the piezo actuator represents a 
capacitance which is charged by means of an external 
15 applied electrical voltage. Energy is therefore stored 
in the piezo actuator. Piezo actuators use, for 
example, switching processes at frequencies of between 
10 and 500 Hz for charging and discharging. 

20 The German patent application with the official file 
reference 101 47 168.8 describes a converter circuit by 
means of which the energy which is stored in the 
secondary energy storage capacitance can at least 
partially be transferred back to the primary energy 

25 storage capacitance. This is achieved by additionally 
fitting a primary energy storage capacitance on one 
side. The energy which is stored in the secondary 
energy storage capacitance can result in a current 
being built up via the energy storage inductance and 

30 the secondary energy storage capacitance to this 
primary energy storage capacitance, in particular by 
briefly closing a secondary switching element, which 
current flows again when the secondary switching 
element is subsequently opened after a short time, and 

35 thus charges the primary energy storage capacitance. 

Since, for many applications, the power output stage 
shall be designed to be as compact as possible, all the 
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components should be checked for volxime reduction. 
However, the power output stages circuit that is shown 
in figure 2, corresponding to the prior art, requires 
each component to have specific minimum characteristic 
5 values, for internal matching. As before, the largest 
amount of space is in this case consumed by the 
inductances and capacitances. If, for example, the 
primary energy storage capacitance is reduced by 
reducing the nominal capacitance, then this leads to 
10 greater potential fluctuation during the charging and 
discharging processes, which in turn would result in a 
filter inductor with a higher current load. 

The invention is based on the object of providing a 
15 power output stage by means of which electrically 
capacitively acting actuators with a minimum physical 
size can be driven with losses that are as low as 
possible , 

20 This object is achieved by the respective feature 
combination in claims 1 and 12. 

Advantageous refinements can be found in the dependent 
claims . 

25 

The invention is based on the knowledge that the 
primary energy storage capacitant 3 should be designed 
to be as small as possible. The necessary supply 
voltage VCC is not available for many applications. 

30 However, a minimum value is necessary for this purpose, 
in order to ensure the desired dynamic response at the 
output (-HV) . Generally, only a supply voltage of 12 V 
or a maximum of 42 volts is available for operation of 
piezo injection valves. However, a supply voltage VCC 

35 of more than 70 volts is required for operation of a 
power output stage of this type. The input is clocked 
by an additional switch 20, which means that there is 
no need for an additional DC/DC converter. 
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The components which have been newly introduced in 
comparison to the prior art are a diode for preventing 
a reverse current flow into the supply source, and a 
switch for clocking the input. Bridging the capacitance 
for a brief time makes it possible on the one hand to 
vary the voltage on the primary energy storage 
capacitance and on the other hand to limit the maximum 
current through the inductance 2 , The addition to the 
circuit means that there is no need for any additional 
DC/DC converter. 

One exemplary embodiment will be described in the 
following text with reference to schematic figures, 
which do not restrict the invention, in which: 

Figure 1 shows a circuit for a power output stage 

according to the present invention, and 

Figure 2 shows a converter circuit from the prior 

art . 

Figure 2, the prior art, comprises a converter circuit 
with a power supply connection 1, which is followed by 
a filter inductance 2. At its end that is remote from 
the power supply connection 1, the filter inductance 2 
is connected to a primary energy storage capacitance 3, 
for example to a capacitor, and to a secondary energy 
storage capacitance 4, for example to a piezo actuator. 
The piezo actuators have a stack of piezo electric 
material 6, which is in each case embedded between 
electrodes 5 and whose extent changes when a greater 
voltage is applied. For the sake of simplicity, the 
figures show only a single layer of the piezo electric 
material with the associated electrodes 5. An energy 
storage inductance 8 is connected to the node point 17 
between the primary energy storage capacitance 3 and 
the secondary energy storage capacitance 4, and its end 
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which is remote from the node point 10 is connected to 
ground 9. Finally, a line 11 which leads to a primary 
switching element 12 branches off from a line 10 which 
connects the filter inductance 2 to the primary energy 
storage capacitance 3. That end of the primary 
switching element 12 which is remote from the line 10 
is likewise connected to ground 9. Furthermore, the 
primary switching element 12 is bridged by a diode 13 
which is reverse-biased when a supply voltage VCC is 
applied to the power supply connection. 1. A secondary 
switching element 14 is arranged in series with the 
secondary energy storage capacitance 4, is likewise 
connected to ground 9, and is bridged by a diode 15. In 
this case, the diode 15 is forward-biased when a supply 
voltage VCC is applied to the power supply connection 
1. 

When a supply voltage VCC is applied to the power 
supply connection 1 • and the primary switching element 
12 is open, the primary energy storage capacitance 3 is 
initially charged until a node point 16 between the 
lines 10 and 11 is at the potential VCC. The node point 
17 is at ground potential at this time. . 

As the primary switching element 12 is closed, the node 
point 16 is connected to ground potential. The 
potential at the node point 17 thus changes to -VCC, so 
that a current II flows through the energy storage 
inductance 8 via the energy storage capacitance 8, the 
primary energy storage capacitance 3 and the primary 
switching element 12 . Whilst the primary switching 
element 12 has been opened, the energy storage 
inductance 8 maintains the current II and in consequence 
charges the secondary energy storage capacitance 4 . The 
current II in this case flows via the secondary energy 
storage capacitance 4 and the diode 15. The secondary 
energy storage capacitance 4 is now charged, with the 
electrode on the ground side, the electrode 5, being at 
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a negative potential^ which is below the ground 
potential. The diode 15 thus prevents the secondary 
energy storage capacitance 4 from being discharged . 

In order to discharge the secondary energy storage 
capacitance 4, the secondary switching element 14 is 
closed, so that a current Ir can flow via the secondary 
switching element 14, the secondary energy storage 
capacitance 4 and the energy storage inductance 8 . Once 
the secondary switching element 14 has been opened, the 
energy storage inductor 8 maintains the current Ir, and 
thus charges the primary energy storage capacitance 3. 
In the process, a current flows via the primary energy 
storage capacitance , 3 and the primary diode 13. The 
charge which is stored in the secondary energy storage 
capacitance 4 is in this way at least partially 
transferred back to the primary energy storage 
capacitance 3. The energy which is stored in the 
secondary energy storage capacitance 4 is therefore not 
lost completely, but is fed back to the primary energy 
storage capacitance 3. 

The primary diode 13 and the secondary diode 15 are not 
absolutely essential for the operation of the circuit. 
In principle, it is also feasible for the primary 
switching element 12 and the secondary switching 
element 14 to be 'closed by a suitable controller 
whenever a current is intended to flow via the primary 
switching element 12 and the secondary switching 
element 14, are to be opened whenever the connection to 
ground is intended to be interrupted. 

The value of the inductance of the filter inductance 2 
should be greater than the value of the inductance of 
the energy storage inductance 8, in order to prevent 
interference pulses from being fed into the power 
supply. 



200302237 



- 7 - 



In the converter circuit or power output stage which is 
illustrated in figure 2, the parallel-connected 
combination of the secondary switching element 14 and 
the secondary diode. 15 is connected between the node 
point 17 and the secondary energy storage capacitance 
4 . This is particularly important for applications in 
which the secondary energy storage capacitance is 
intended to be connected to ground 9, for safety 
reasons. This makes it possible to ground the housing 
of a piezo actuator which is used as the secondary 
energy storage capacitance 4. In this case, however, 
the so-called high-side switch should be used for the 
secondary switching element 14, since the secondary 
switching element 14 would otherwise be at a floating 
potential . 

The power output stage described in figure 2 can be 
used to produce a predetermined voltage profile on the 
secondary energy storage capacitance 4 precisely from 
the low DC voltages. in the vehicle power supply system 
of a motor vehicle. In this case, peak voltages in the 
region of several hundred volts can be achieved without 
any problems. One particular advantage in this case is 
the high efficiency of the circuit, since the energy 
which is stored in the secondary energy storage 
capacitance 4, a piezo actuator, can be recovered. The 
circuit is particularly suitable for driving piezo 
electric or electrostrictive components, which may be a 
piezo actuator for operation of an injection valve in a 
direct-injection engine, or else a piezo motor. 

Since the power output stage is frequently intended to 
be used in mobile systems, one aim of the invention is 
to design this output stage to be as compact as 
possible. The largest amount of space on a board would 
be occupied by the ■ two inductances 2 and 8 and the 
capacitance 3. If, by way of example, the primary 
energy storage capacitance 3 is optimized by reducing 
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the nominal capacitance, then this leads to greater 
potential fluctuations during the charging and 
discharging processes . A required supply voltage VCC is 
not available for many applications. However, a minimum 
5 value is required for this purpose, in order to ensure 
a desired dynamic response at the output {+V) . Only a 
supply voltage of 12 V or a maximum of 42 volts is 
generally available for operation of piezo injection 
valves. However, a supply voltage VCC of more than 70 
.10 volts is required for operation of a power output stage 
of this type. The required voltage is produced by means 
of a DC/DC converter. However, the DC/DC converter 
^occupies a large amount of physical space, and the 
costs associated with this are considerable. 

15 

Figure 1 therefore shows an exemplary embodiment in 
which the solution approach can clearly be seen. In 
this solution approach, there is no DC/DC converter, 
and the primary energy storage capacitance 3 is kept as 
20 small as possible in order at the same time to avoid 
the need for a coil with a higher current load 
capacity. In this case, the input of a circuit can be 
clocked by an additional switch 20. 

25 The idea of this circuit is for the supply voltage VCC 
for the output stage to be less than the minimum 
voltage on the primary energy storage capacitance 3. 
Pauses, during which the secondary energy storage 
capacitance 4 is neither being charged nor discharged 

30 are in this case used in order to recharge the primary 
energy storage capacitance 3. This takes place in two 
steps. In the first step, the switch 20 is closed. The 
switch 20 short-circuits the primary energy storage 
capacitance 3, as a result of which a current flows 

35 through the path comprising the filter inductance 2, 
the switch 20 and the energy storage inductance 8. 
While the switch 20 is opened again after a specific 
time, energy which was stored in the filter inductance 
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2 and in the energy storage inductance 8 is used to 
charge the primary energy storage capacitance 3. The 
diode 19 prevents the energy from the primary energy 
storage capacitance 3 from flowing back to the power 
5 supply connection VCC again. The first advantage of 
this circuit concept is that the maximum current which 
flows through the filter inductance 2 can be determined 
by the pulse width of the switch 20. A further 
advantage is that .no additional DC/DC converter is 

10 required to produce the required supply voltage. 
Peripheral assemblies, such as those for current 
measurements on the energy storage conductance 8, can 
also be used to determine the energy packets for 
current measurement during recharging of the primary 

15 energy storage capacitance 3. 

The addition of a diode 19 and a switch 20, as shown in 
figure 4, with a power output stage as shown in figure 
2 thus allows the primary energy storage capacitance 3 
20 to be bridged briefly, which on the one hand allows the 
voltage on the primary energy storage capacitance 3 to 
be varied, and on the other hand allows the maximum 
current through the filter inductance 2 to be limited. 



